In visual search tasks, an angry face surrounded by happy faces is more rapidly detected compared with a happy face surrounded by angry faces. This is called the anger superiority effect. The anger superiority effect has been mainly related to automatic attentional effects, but top-down mechanisms may also influence this effect. In a series of studies, we investigated the influence of holding emotional information in working memory (WM) on the anger superiority effect. In multiple experiments, participants were generally faster to find an angry target with happy distractors compared to a happy target with angry distractors. However, this anger superiority effect was diminished when holding angry information in WM, whereas the effect was still observed when holding happy information. These effects were not observed when participants did not remember emotional information other than the color of the emotional stimuli. The data indicate that enhanced processing of distractor facial expressions was observed when they matched the content of WM, facilitating target detection. However, when the contents of WM and distractor faces differed, the processing of distractor faces and detection of a target face were delayed. These results suggest that the anger superiority effect is modulated by top-down effects of WM and that interactions between contents of WM and perception of facial expressions determine the enhancement or reduction of the anger superiority effect.
The rapid detection and processing of potentially dangerous stimuli provides an important adaptive advantage for survival. People automatically allocate attention to life-threatening stimuli (e.g., snake) and process them efficiently. Many experiments using visual search tasks have revealed attentional priority for threatening stimuli (Blanchette, 2006; Öhman, Flykt, & Esteves, 2001; Öhman & Mineka, 2001) . The efficient processing of threat is not only observed for physically threatening stimuli but also for socially threatening stimuli, such as angry faces. It has been shown that angry faces are attentionally privileged and processed more efficiently than happy faces (Eastwood, Smilek, & Merikle, 2001; Fox et al., 2000; Frischen, Eastwood, & Smilek, 2008; Hansen & Hansen, 1988; Horstmann & Bauland, 2006; Öhman, Lundqvist, & Esteves, 2001; Pinkham, Griffin, Baron, Sasson, & Gur, 2010; Williams, Moss, Bradshaw, & Mattingley, 2005) . For example, in a visual search task, participants are required to determine whether all presented facial expressions are from the same category (e.g., angry) or not. Reaction times (RTs) to detect an angry target, which is surrounded by happy faces, are shorter than those for a happy target in a crowd of angry distractor faces (Horstmann & Bauland, 2006; Pinkham et al., 2010) . This rapid detection of an angry face is called the anger superiority effect. The origin of the effect is still under investigation, and some studies suggest that it depends on several aspects such as low-level visual features (Horstmann & Bauland, 2006; Horstmann, Lipp, & Becker, 2012) . Nevertheless, it has been observed in previous studies in which schematic faces (Fox et al., 2000; Öhman, Lundqvist, et al., 2001) or pictures of real faces are used (Hansen & Hansen, 1988; Pinkham et al., 2010; Williams et al., 2005) .
Although some initial studies suggest that the anger superiority effect is due to automatic attention allocation to an angry target (Hansen & Hansen, 1988; Öhman, Lundqvist, et al., 2001) , automatic attentional capture cannot sufficiently explain all findings in relation to the anger superiority effect in the visual search task. For instance, Horstmann and Bauland (2006) showed a more efficient (faster) search for an angry-face target among happy-face distractors by using visual search paradigms, but they also showed that crowds consisting of only happy faces were scanned faster than crowds consisting of only angry faces. The latter result suggests that angry faces not only attract attention but also hold attention, and that participants have difficulty disengaging their attention from angry faces. The anger superiority effect might thus be driven by more efficient processing of happy-distractor faces compared with angry-distractor faces. Horstmann, Scharlau, and Ansorge (2006) provided further support for inefficient disengagement from angry faces in a visual search task. When a neutral target was surrounded by happy-or angry-distractor faces, the search among happy distractors was more efficient than search among angry distractors. These studies suggest that not only automatic attention but also postselection processing (i.e., processing after attention to stimuli) influences the anger superiority effect.
In addition, not only bottom-up but also top-down mechanisms have an effect on visual search for facial expressions (Frischen et al., 2008; Hahn, Carlson, Singer, & Gronlund, 2006; Hahn & Gronlund, 2007; Horstmann & Becker, 2008) . As previous studies have shown, performance in visual search paradigms is influenced by the interaction of bottom-up mechanisms, which are automatic passive processes driven by salient stimuli, and top-down mechanisms, which have been operationalized as voluntary processes based on the observer's intentions and goals (Egeth, Leonard, & Leber, 2010; Folk & Remington, 2010; Lamy, 2010; Theeuwes, 2010) . In this perspective, Hahn and Gronlund (2007) manipulated top-down mechanisms by asking participants to search for a specific facial expression (i.e., angry or happy face). That is, participants voluntarily set a goal to find a specific facial expression. Although they found a more efficient search for angry-target faces as compared to happy-target faces, an angry face did not attract attention as fast when the top-down goal was to search for a happy face. However, to date, we only have a limited understanding of the influence of top-down mechanisms in relation to bottom-up attentional effects.
An important mechanism related to top-down processes in visual search paradigms is working memory (WM). In a visual search task, a representation of the target, called the search template, has to be maintained in WM and to be compared to the incoming visual information to select relevant visual information from the sensory input (Desimone & Duncan, 1995; Wolfe, 1994) . Desimone and Duncan (1995) proposed a neural model where WM biases neural activity to favor stimuli with matching features. Although neural representations of different stimuli in a visual scene compete with each other, highly activated stimuli in WM could win among several neural representations and gain access to higher-level processing. Hence, WM-relevant stimuli have a high chance of becoming the focus of attention.
Behavioral data have typically shown effects of WM content on efficient visual search (Castelhano & Heaven, 2010; Hodsoll, Humphreys, & Braithwaite, 2006; Schmidt & Zelinsky, 2009 ). In Hodsoll et al. (2006) , participants searched for a circle target that is different in size from other circles. When participants held the size of the target in WM before the presentation of visual search, they could direct attention to the target more rapidly compared to when participants did not know the exact size of the target. That is, the target template in WM was tuned more effectively for targets and activated the representations of them, and the activated information was used to guide search. This efficient search is observed even if the content of WM is task-irrelevant information for the to-be-executed visual search (Dalvit & Eimer, 2011; Downing, 2000; Han & Kim, 2009; Olivers, 2009; Olivers, Meijer, & Theeuwes, 2006; Olivers, Peters, Houtkamp, & Roelfsema, 2011; Pan & Soto, 2010; Soto, Heinke, Humphreys, & Blanco, 2005; Soto, Hodsoll, Rotshtein, & Humphreys, 2008; Soto, Humphreys, & Heinke, 2006) . For instance, in Olivers et al. (2006) , participants were first asked to remember a color and then search for a diamond target among circles, one of which was a singleton distractor with a unique color. Olivers and coworkers showed that the presence of singleton distractors strongly interfered with a visual search task when the color of the singleton was the same as what participants remembered. That is, the stimulus held in WM attracted attention. These studies support the idea that, for nonemotional material, WM enhances the attentive processing of stimuli that match the contents of WM.
Although in previous views, it has been proposed that processing of threat-related emotions (e.g., angry or fearful faces) has a mandatory status (Vuilleumier, 2005) , more recent views challenge this notion (Pessoa & Adolphs, 2010) suggest that top-down influences have a strong impact on attentive processing of emotional information (Kiefer, 2012; Vogt, De Houwer, Crombez, & Van Damme, 2013) . However, this latter research is still in its infancy and studies investigating how holding emotional information in WM influences visual search for emotional facial expressions is very scarce. In a neuroimaging study, Grecucci, Soto, Rumiati, Humphreys, and Rotshtein (2010) investigated the interaction between emotional content in WM and visual attention to facial expressions. Participants remembered an emotional word and then searched for a face of a particular gender, which showed a fearful, happy, or neutral expression. When the emotional word held in WM matched the target facial expression, the response in the visual cortex was much larger than that to a target face that did not match the contents of WM. This result suggests that emotional information in WM could enhance attention to the stimuli with matching features. However, we are not aware of any behavioral studies investigating the effects of WM for emotional information on visual attention to facial expressions.
Overview of the Experiments
In a series of experiments, we investigated whether holding emotional information in WM can modulate subsequent visual search for facial expressions, especially the anger superiority effect. In Experiment 1, participants were asked to remember an emotional word (Experiment 1A) or face (Experiment 1B), which was related to anger or happiness, for a later recognition test. Thereafter, in a visual search task, they were required to determine whether all presented facial expressions were from the same category (e.g., angry) or if one of them was from the different category (e.g., one angry face and five happy faces). In Experiment 2, to investigate passive priming effects of WM stimuli, participants were required to hold not the emotional category but the color of a facial expression in WM. In Experiment 3, facial expressions in the visual search task were changed. Target faces were neutral in Experiment 3A and distractor faces were neutral in Experiment 3B. In Experiment 4, we manipulated the set size of the visual display to systematically investigate the WM effect on search efficiency.
We predicted that an angry face would be found more quickly and accurately than a happy face among crowds of distractor faces of the opposite emotion (i.e., the anger superiority effect). We anticipated finding evidence for the anger superiority effect in all This document is copyrighted by the American Psychological Association or one of its allied publishers.
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experiments except for Experiment 3A, in which a neutral face is the target. With regard to the effect of WM on visual search, based on previous studies (Castelhano & Heaven, 2010; Hodsoll et al., 2006; Olivers et al., 2006 Olivers et al., , 2011 Olivers, 2009; Schmidt & Zelinsky, 2009 ),we expected that holding emotional information in WM would prioritize attention to WM-congruent stimuli. Thus, holding anger-related information in WM would facilitate attention allocation to angry faces and enhance the anger superiority effect whereas holding happiness-related information in WM would facilitate attention to happy faces and diminish the anger superiority effect. We anticipated finding a WM effect on the anger superiority effect except for Experiment 2, in which participants did not hold emotional information in WM.
General Methods

Participants
Participants included 31 undergraduates in Experiment 1A (30 women, age-range 18 -22 years), 25 undergraduates in Experiment 1B (18 women, age-range 18 -26 years), 32 undergraduates in Experiment 2 (27 women, age-range 18 -25 years), 27 undergraduates in Experiment 3A (23 women, age-range 18 -25 years), 14 undergraduates in Experiment 3B (12 women, age-range 18 -24 years), and 39 undergraduates in Experiment 4 (31 women, agerange 18 -47 years). They provided informed consent. All had normal or corrected-to-normal vision.
Stimuli
As WM stimuli, we used angry and happy words selected from Reidy, Zeichner, Hunnicutt-Ferguson, and Lilienfeld (2008) in Experiment 1A. Eight angry words were "anger," "irritated," "furious," "pissed-off," "outraged," "rage," "hostility," and "mad," and eight happy words were "happiness," "elated," "joyous," "merry," "cheered," "delight," "enjoyment," and "overjoyed." In other experiments, we used facial expressions taken from the standardized Pictures of Facial Affect (Ekman & Friesen, 1976) . Eight identities (four men and four women) with happy and angry faces were used. The faces were adjusted to fit within an oval window. The facial size is 4.1°ϫ 5.4°. For the visual search task, we used facial expressions taken from the standardized NimStim set 1 (Tottenham et al., 2009) . Sixteen identities (eight men and eight women) displaying close-mouthed angry, happy, and neutral expressions, were used. The faces in the visual search task were adjusted to fit within an oval window. All faces were modified using Adobe Photoshop to match mean luminance and contrast for all faces. The mean luminance level and root-mean-square contrast level of each face were assessed using Adobe Photoshop and Matlab, respectively. Angry, happy, and neutral faces were comparable in luminance and contrast. The facial size is 2.7°ϫ 3.6°in the visual search task.
In the WM task, a stimulus was presented at the center of the monitor. In the visual search task, six faces were positioned in a circle around fixation with a radius of 4.5°except for Experiment 4, in which four, six, or eight faces were shown. When the set size was four or six, faces were presented in four or six of the eight possible positions. They were all different identities. Half of them were male faces and the others were female faces.
The stimuli were presented on a 19-inch monitor. The experiment was programmed using E-prime (Psychology Software Tools, Pittsburgh, PA). The viewing distance was about 60 cm. All faces were presented in grayscale on a black background.
Procedure
A schematic depiction of an experiment trial is presented in Figure 1 , which represents Experiment 1A. A fixation cross appeared at the center of the black screen for 500 ms, which was followed by a WM stimulus for 1,000 ms. Participants were required to remember whether the emotional category of the stimulus was angry or happy in Experiments 1, 3, and 4, and whether the color of the stimulus was blue or green in Experiment 2 for a later memory test, which was performed at the end of each trial. Because the WM stimulus in the memory test differed from that of the memory cue, participants should encode the emotion, not the stimulus itself. The stimuli were randomly selected and each stimulus was presented equally often.
After a 500-ms blank interval with a fixation cross, a visual search display was presented until participants responded. In target-present trials, one target face showed a different facial expression from the other five distractor faces (e.g., one happy face and five angry faces). In target-absent trials, all distractor faces showed the same facial expression (e.g., all happy faces). Participants were asked to detect whether all the faces showed the same expression or one face showed an expression different from the others as accurately and as quickly as possible. Half of all trials were target-present trials, and the other half trials were targetabsent trials. Target and distractor faces were randomly selected, presented equally often, in randomized order. A target face was angry or happy except for Experiment 3A, in which a target face was neutral. Distractor faces were also angry or happy except for Experiment 3B, in which they were neutral.
After the response and 500-ms blank interval with a fixation cross, a WM stimulus appeared at the center of the screen in a memory recognition test. Participants were required to indicate 1 We used photographs of real faces for the visual search task. Although some previous studies used schematic facial expressions (Fox et al., 2000; Öhman, Lundqvist, et al., 2001) , schematic faces have several limitations. First, they lack ecological validity. Although schematic faces have been shown to convey emotional meaning, the information is impoverished compared with that conveyed by real photographs (Calder, Young, Perrett, Etcoff, & Rowland, 1996) . Real faces provide a wealth of information, which may have an effect on visual search. The other problem is that schematic faces become identical and homogeneous distractor faces. Homogenous distractors also have an effect on visual search for facial expressions (Öhman, Juth, & Lundqvist, 2010; Öhman, Soares, Juth, Lindström, & Esteves, 2012) while it is difficult to manipulate heterogeneity in schematic faces. The most crucial problem is that the anger superiority effect in schematic faces could be explained not by emotional processing but perceptual processing of low-level features (Calvo & Nummenmaa, 2008; Coelho, Cloete, & Wallis, 2010; Purcell & Stewart, 2010) . Using photographs of facial expressions has also some issues. Some studies used open-mouth happy faces with exposed teeth (Hansen & Hansen, 1988; Horstmann, Lipp, & Becker, 2012; Juth, Lundqvist, Karlsson, & Öhman, 2005; Williams et al., 2005) . Teeth provide a high-contrast and low level features, which also lead to low perceptual processing. High visual saliency is a critical factor in facial expression discrimination compared to the significance of facial expressions (Calvo & Nummenmaa, 2011) . In the present study, we used photographs of close-mouthed angry and happy faces, whose luminance was adjusted. This document is copyrighted by the American Psychological Association or one of its allied publishers.
whether the emotional category of the stimulus was same or different from the memory cue, which they remembered at the first of each trial, except for Experiment 2. In Experiment 2, participants were required to indicate whether the color of the facial expression was the same or different from the memory cue. Participants were instructed to respond by pressing the appropriate key on the computer keyboard as accurately as possible. After 20 practice trials, the participants completed 192 experimental trials except for Experiment 4, which consisted of 384 experimental trials.
Data Analysis
We analyzed RT data in the visual search task, and accuracy rates in the visual search and WM task. We analyzed RT data for each participant and excluded incorrect responses and trials where RTs deviated more than three standard deviations from the individual participant's mean. The RTs in the visual search task in correct WM trials only were analyzed to ensure correct encoding of the stimulus in WM. We analyzed the RTs in the visual search task separately for target-present and target-absent trials. For accuracy rates, we conducted the same analysis as for RT data. Trials with errors in the WM task and the visual search task were discarded for the visual search task and WM task respectively. We investigated speed-accuracy trade-off between RTs in the visual search task and accuracy rates in the memory task in all experiments (Supplementary materials).
Experiment 1A
We investigated the WM effects of emotional words (Experiment 1A) and faces (Experiment 1B) on the anger superiority effect with emotional distractors.
Results
Reaction time data in the visual search task. For targetpresent trials, we conducted a 2 (WM: happy vs. angry) ϫ 2 (Distractor Faces: happy vs. angry) ANOVA (Figure 2A ). Only relevant analyses to answer the research question are reported, that is, interaction effects. The main effects are reported in Table 1 . The results showed a significant two-way interaction, F(1, 30) ϭ 5.95, p Ͻ .05, p 2 ϭ .17. The interaction revealed that participants detected an angry target with happy distractors more rapidly compared to a happy target with angry distractors, that is the anger superiority effect, when they remembered a happy word, F(1, 30) ϭ 24.95, p Ͻ .001, p 2 ϭ .45, and an angry word, F(1, 30) ϭ 5.37, p Ͻ .05, p 2 ϭ .15. Surprisingly, RTs for an angry target with happy distractors were significantly longer when participants remembered an angry word than when they remembered a happy word, F(1, 30) ϭ 14.66, p Ͻ .001, p 2 ϭ .33, whereas RTs for a happy target with angry distractors did not differ between the contents of WM (F Ͻ 1.0, p Ͼ .90). This means that the anger superiority effect diminished when participants remembered an angry word compared to when they remembered a happy word.
For target-absent trials, the ANOVA showed a significant twoway interaction, F(1, 30) ϭ 12.33, p Ͻ .01, p 2 ϭ .29. The interaction revealed that RTs for angry faces were significantly longer than those for happy faces when participants remembered an angry word, F(1, 30) ϭ 22.64, p Ͻ .001, p 2 ϭ .43, and a happy word, F(1, 30) ϭ 55.63, p Ͻ .001, p 2 ϭ .65. Moreover, RTs for happy faces were significantly longer when participants remembered an angry word than when they remembered a happy word, F(1, 30) ϭ 12.94, p Ͻ .01, p 2 ϭ .30, whereas RTs for angry faces were significantly longer when participants remembered a happy word than when they remembered an angry word, F(1, 30) ϭ 6.66, p Ͻ .05, p 2 ϭ .18. Accuracy rates in the visual search task. For target-present trials, a two-way ANOVA showed the significant interaction, F(1, 30) ϭ 4.55, p Ͻ .05, p 2 ϭ .13 (see Table 2 ). The interaction revealed that accuracy rates for an angry target with happy distractors were significantly higher than those for a happy target with angry distractors when participants remembered an angry word, F(1, 30) ϭ 15.62, p Ͻ .001, p 2 ϭ .34. For target-absent trials also, the ANOVA showed the significant interaction, F(1, 30) ϭ 5.04, p Ͻ .05, p 2 ϭ .14. The interaction revealed that accuracy rates for happy faces were significantly higher than those for angry faces when participants remembered a happy word, F(1, 30) ϭ 16.16, p Ͻ .001, p 2 ϭ .35. Accuracy rates for angry faces were higher when participants remembered an angry word than when they remembered a happy word, F(1, 30) ϭ 4.81, p Ͻ .05, p 2 ϭ .14. Accuracy rates in the working memory task. For targetpresent trials, the ANOVA showed no significant main effects or interactions ( Figure 2B ). For target-absent trials, however, the ANOVA showed a significant interaction, F(1, 30) ϭ 32. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Experiment 1B
Results
Reaction time data in the visual search task. For targetpresent trials, a 2 (WM: happy vs. angry) ϫ 2 (Distractor Faces: happy vs. angry) ANOVA revealed significant two-way interaction, F(1, 24) ϭ 18.42, p Ͻ .001, p 2 ϭ .43 ( Figure 3A ). Other main effects are reported in Table 1 . The interaction revealed that RTs for an angry target with happy distractors were significantly longer when participants remembered an angry face than when they remembered a happy face, F(1, 24) ϭ 6.63, p Ͻ .05, p 2 ϭ .22, whereas RTs for a happy target with angry distractors were significantly longer when participants remembered a happy face than when they remembered an angry face,
Moreover, when participants remembered a happy face, they could detect an angry target with happy distractors more rapidly compared to a happy target with angry distractors, F(1, 24) ϭ 25.58, p Ͻ .001, p 2 ϭ .52, whereas such an anger superiority effect disappeared when they remembered an angry face.
For target-absent trials, the ANOVA revealed a significant two-way interaction, F(1, 24) ϭ 25.55, p Ͻ .001, p 2 ϭ .52. The interaction revealed that RTs for happy faces were significantly longer when participants remembered an angry face than when they remembered a happy face, F(1, 24) ϭ 27.69, p Ͻ .001, p 2 ϭ .54, whereas RTs for angry faces were significantly longer when participants remembered a happy face than when they remembered an angry face, F(1, 24) ϭ 7.71, p Ͻ .05, p 2 ϭ .24. Moreover, participants responded to happy faces more rapidly compared to angry faces when they remembered a happy face, F(1, 24) ϭ 61.52, p Ͻ .001, p 2 ϭ .72, whereas RTs for happy and angry faces did not differ when they remembered an angry face.
Accuracy rates in the visual search task. For target-present trials, the two-way ANOVA showed no significant main effects or interactions (see Table 2 ). For target-absent trials, the ANOVA revealed the significant interaction, F(1, 24) ϭ 22.45, p Ͻ .001, p 2 ϭ .48. The interaction revealed that accuracy rates for happy faces were significantly higher when participants remembered a happy face than when they remembered an angry face, F(1, 24) ϭ 16.05, p Ͻ .01, p 2 ϭ .41, whereas accuracy rates for angry faces were significantly higher when participants remembered an angry face than when they remembered a happy face, F(1, 24) ϭ 12.81, p Ͻ .01, p 2 ϭ .35. Moreover, participants responded to happy faces more accurately compared to angry faces when they remembered a happy face, F(1, 24) ϭ 25.82, p Ͻ .001, p 2 ϭ .52, whereas the accuracy rates for happy and angry faces did not differ when they remembered an angry face (F Ͻ 1.0, p Ͼ .50).
Accuracy rates in the working memory task. For targetpresent trials, the ANOVA showed the significant interaction ( Figure 3B ). The interaction revealed that WM accuracy was higher for happy than angry faces on search trials with an angry (Loftus & Masson, 1994 
Discussion
In Experiment 1, we investigated the effects of WM for emotional stimuli on the anger superiority effect. Considering that attention is attracted to stimuli matching the contents of WM (Dalvit & Eimer, 2011; Downing, 2000; Han & Kim, 2009; Olivers et al., 2006 Olivers et al., , 2011 Olivers, 2009; Pan & Soto, 2010; Soto et al., 2005 Soto et al., , 2008 Soto et al., , 2006 , we predicted that holding emotional information in WM would prioritize attention to emotion-congruent information as the contents of WM. That is, angry stimuli in WM might enhance the anger superiority effect (i.e., rapid detection of an angry target), whereas happy stimuli in WM might enhance attention to the happy face and diminish the anger superiority effect. Contrary to our hypothesis, the present results showed that the anger superiority effect was most pronounced when participants remembered happy information. However, the anger superiority effect diminished or disappeared when participants remembered angry information. Holding emotional information in WM delayed the search for an emotion-congruent target with emotionincongruent distractors and enhanced the search for an emotionincongruent target with emotion-congruent distractors. We will focus on conflict processing between the different contents of WM and distractor faces during search to consider differences between the present study and previous studies using emotional and nonemotional stimuli.
It is possible that the discrepancy between content of WM and distractor faces may have induced conflict and interfered with performance in visual search. It has already been observed that, when the attended facial stimuli did not match the contents of WM, WM interfered with the processing of stimuli (Robinson, Manzi, & Triesch, 2008) . In Robinson et al. (2008) , participants judged the gender of faces while holding different faces or abstract objects in WM. Perceptual judgment of the faces was slowed down when the contents of memory were faces, whose identity differed from the judged faces. When the stimuli did not match but were similar to This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the contents of WM, conflict occurred between perception and WM. This might indicate that participants need to protect the contents of WM from being overwritten by new inputs. In the Robinson et al. study, WM for faces interfered with the perception of the facial stimuli and delayed judgment. In our study, angry information in WM interfered with the processing of happy and not angry distractor faces. The perception of happy-face distractors might be slowed down because participants had to shield the contents of WM of angry information from the perceptual input. Therefore, angry information held in WM may diminish the anger superiority effect when an angry target is surrounded by happy distractors. On the other hand, happy information held in WM may enhance the processing of happy-face distractors and participants could detect an angry target more rapidly. Therefore, the anger superiority effect was maintained. This interpretation can also explain the results in target-absent trials. In target-absent trials, processing of happy faces was delayed when participants remembered angry information whereas processing of angry faces was delayed when participants remembered happy information. Angry information held in WM induced a conflict between WM and perception when participants processed happy faces and delayed the processing of happy faces in the visual search task. On the other hand, holding happy information in WM induced a conflict when participants processed angry faces. When perception of facial expressions and emotional information in WM were incongruent, participants had to protect the contents of WM from perception, which slowed their responses.
These explanations propose that holding emotional information in WM does not enhance automatic attention to a similarly valenced target, but that the WM representation influences distractor processing. That means, the valence of WM information may impair processing of different valence of the "majority crowd" in the visual search task. When a target is an angry face and distractors are happy faces, the majority crowd is happy. Angry WM interferes with the processing of the happy majority crowd because of conflicts between WM and perception. In the present visual search task, participants could not recognize whether the facial expression attended first was the target or distractor because the task was to state whether there was a singleton emotional face present or not regardless of emotion. Therefore, participants need to see several facial expressions. Consequently, the processing of the majority crowd might strongly affect attention.
Interestingly, the visual search also affected WM performance and we assume that this can be also explained by conflicts between WM and perception. Angry faces in the visual search task interrupted WM performance when participants remembered happy information. This proposes that conflict between WM and perception also impairs memory and this is consistent with previous studies using nonemotional stimuli. In the Robinson et al. (2008) study (Exp. 4), remembering faces was impaired when participants processed other faces, whose identity differed from the judged faces. Our results suggest that when the content of distractor faces was different from that of WM (e.g., memory of angry information and attention to happy distractor), participants had to keep the content in WM. But the conflict between perception and memory impaired WM. Indeed, memory was impaired when the expression of distractor faces did not match the contents of WM.
In follow-up experiments, we will examine several alternative accounts for the current findings. First, it is still unclear whether This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the conflict between perception and WM could adequately explain the present findings. To test the hypothesis of conflict processing, we need to show that when there is no conflict between WM content and perception during visual search, there is no effect of WM content on visual search. In Experiment 2, participants were required to remember the color of an emotional stimulus instead of the valance, and search for facial expressions just as in Experiment 1B. In this way, there is no conflict between WM content and perception in the visual search task. Second, we ascertain that WM induces the conflict with not a target in a visual search task but the emotional value of the majority crowd in a different way. Even if a target is a neutral face and distractors are angry and happy faces, conflicts might occur between WM for angry or happy faces and the emotional value of the majority crowd, and results might be similar to those in Experiment 1. On the other hand, if distractors are neutral faces and a target is angry or happy, WM for angry or happy faces might not conflict with the emotional value of the majority crowd (i.e., neutral), and WM might not have an effect on the anger superiority effect. We changed the target face to a neutral expression in Experiment 3A and the distractor faces to neutral expressions in Experiment 3B.
Third, it is still unclear whether the conflict between WM and perception occurs during visual search or not. If the conflict occurs for each face and WM content has an effect during visual search, the effect will increase with set size of the visual display. In Experiment 4, we manipulated the set size to investigate whether the WM effect on visual search was observed during search.
Experiment 2
Stimuli and procedure were identical to those in Experiment 1B, with the exception of the following modifications. Facial expressions as WM stimuli were presented in blue or green. Participants were required to remember whether the color of the facial expression was blue or green for a later memory test. In a memory recognition test at the end of each trial, a colored facial expression appeared at the center of the screen. Participants were required to indicate whether the color of the facial expression was the same or different from the memory cue. The angry and happy WM faces colored blue and green were presented equally often. In the present WM task, the facial expressions of the faces were task-irrelevant. We did not expect any effects of color in WM on visual search for facial expressions. Therefore, we here refer to the WM face as precueing facial stimuli instead of WM stimuli.
Results
Reaction time data in the visual search task. For targetpresent trials, a 2 (Precueing Face: happy vs. angry) ϫ 2 (Distractor Faces: happy vs. angry) ANOVA showed no significant interaction, F(1, 31) ϭ .03, p Ͼ .80, ( Figure 4A ). For target-absent trials, a two-way ANOVA revealed no significant interaction either, F(1, 31) ϭ 1.68, p Ͼ .20. The main effects are reported in Table 1 . The significant main effect of Distractor Faces indicated that RTs were longer for angry distractors than happy distractors.
Accuracy rates in the visual search task. For target-present trials, a two-way ANOVA showed no significant main effects or This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
interactions (see Table 2 ). For target-absent trials, a two-way ANOVA revealed no significant interaction. Accuracy rates in the memory task. For both target-present and target-absent trials, a two-way ANOVA revealed no significant main or interaction effects ( Figure 4B ).
Discussion
Consistent with our hypothesis, WM for color of facial expressions did not influence the anger superiority effect. Regardless of happy or angry precues, the anger superiority effect was observed. Because there was no conflict between perception of facial expressions in the visual search task and WM for color, it was not necessary for participants to shield the contents of WM from the perceptual input. Simply perceiving facial expressions does not modify the anger superiority effect. Holding emotional information in WM might play an important role in influencing the anger superiority effect.
Experiment 3A
Stimuli and procedure were identical to those in Experiment 1B, with the exception that the target facial expression was always a neutral face in the visual search task.
Results
Reaction time data in the visual search task. For targetpresent trials, a 2 (WM: happy vs. angry) ϫ 2 (Distractor Faces: happy vs. angry) ANOVA revealed a significant interaction, F(1, 26) ϭ 10.94, p Ͻ .01, p 2 ϭ .30 ( Figure 5A ). The other main effects are reported in Table 1 . The interaction revealed that participants detected a neutral target with happy distractors more rapidly compared to a neutral target with angry distractors, like the anger superiority effect, when they remembered an angry face, F(1, 26) ϭ 21.17, p Ͻ .001, p 2 ϭ .45, and a happy face, F(1, 26) ϭ 49.02, p Ͻ .001, p 2 ϭ .65. Moreover, RTs for a neutral target with happy distractors were significantly longer when participants remembered an angry face than when they remembered a happy face, F(1, 26) ϭ 9.49, p Ͻ .01, p 2 ϭ .27, whereas RTs for a neutral target with angry distractors did not differ between the contents of WM (F Ͻ 2.0, p Ͼ .18).
For target-absent trials, a two-way ANOVA revealed a significant interaction, F(1, 26) ϭ 17.46, p Ͻ .001, p 2 ϭ .40. Follow-up tests of the interaction revealed that RTs for angry faces were significantly longer than those for happy faces when participants remembered an angry face, F(1, 26) ϭ 19.47, p Ͻ .001, p 2 ϭ .43, and a happy face, F(1, 26) ϭ 48.65, p Ͻ .001, p 2 ϭ .65. Moreover, RTs for happy faces were significantly longer when participants remembered an angry face than when they remembered a happy face, F(1, 26) ϭ 12.14, p Ͻ .01, p 2 ϭ .32, whereas RTs for angry faces were significantly longer when participants remembered a happy face than when they remembered an angry face, F(1, 26) ϭ 7.98, p Ͻ .01, p 2 ϭ .24. Accuracy rates in the visual search task. For target-present trials, a two-way ANOVA revealed a significant interaction, F(1, 26) ϭ 8.86, p Ͻ .01, p 2 ϭ .25 (see Table 2 ). The interaction This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
revealed that accuracy rates for a neutral target with happy distractors were significantly higher when participants remembered an angry face than when they remembered a happy face, F(1, 26) ϭ 6.35, p Ͻ .05, p 2 ϭ .20. Moreover, accuracy rates for a neutral target with happy distractors were significantly higher than those for a neutral target with angry distractors when participants remembered an angry face, F(1, 26) ϭ 15.93, p Ͻ .001, p 2 ϭ .38. For target-absent trials also, a two-way anova revealed no significant interaction.
Accuracy rates in the working memory task. For targetpresent trials, a two-way ANOVA revealed a significant interaction effect, F(1, 26) ϭ 12.25, p Ͻ .01, p 2 ϭ .32 ( Figure 5B ). The interaction revealed that WM accuracy was higher for happy than angry faces on search trials with happy distractors , F(1, 26) 
Experiment 3B
Stimuli and procedure were identical to those in Experiment 1B, with the exception that the distractors faces were always neutral in the visual search task.
Results
Reaction time data in the visual search task. For targetpresent trials, a 2 (WM: happy vs. angry) ϫ 2 (Target Faces: happy vs. angry) ANOVA revealed no significant interactions, F(1, 13) ϭ 1.03, p ϭ .33, p 2 ϭ .07 ( Figure 6A ). For target-absent trials, a paired t test showed no difference between when participants remembered an angry face and a happy face, t(13) ϭ 1.35, p Ͼ .20, d ϭ 0.10.
Accuracy rates in the visual search task. For target-present trials, a two-way ANOVA revealed no significant interaction (see Table 2 ). For target-absent trials, a paired t test showed no difference between when participants remembered an angry face and a happy face, t (13) This document is copyrighted by the American Psychological Association or one of its allied publishers.
6B). For target-absent conditions, a paired t test showed that accuracy rates for happy faces were better than those for angry faces, t(13) ϭ 2.59, p Ͻ .05, d ϭ 1.05.
Discussion
In Experiment 3A, participants detected the target in a happy crowd more rapidly as compared to an angry crowd, which resembles the anger superiority effect when angry targets are used, whereas the anger superiority effect was not observed in an angry target with neutral distractors in Experiment 3B. This result suggested that the anger superiority effect was influenced by the delayed processing of angry distractor faces.
Even for a neutral target with emotional distractors in Experiment 3A, holding angry faces in WM enhanced detection of a target with angry distractors while holding happy faces in WM enhanced detection of a target with happy distractors. On the other hand, holding emotional faces in WM did not enhance detection of an emotional target with neutral distractors. These results suggest that holding emotional information in WM does not influence attention to an emotional target, but influences distractor processing, or the value of the majority crowd. In addition, the conflict influenced subsequent WM performance when the expression of distractor faces did not match the contents of WM in Experiment 3A. Accuracy rates for holding angry faces in memory decreased when the distractor faces were happy. On the other hand, accuracy rates for holding happy faces in memory decreased when the distractor faces were angry. Because the emotional value of the majority crowd was always neutral in Experiment 3B, the conflicts between WM and perception might not be induced and the effects of visual search task on WM were not observed. These results support the idea that conflicts between WM contents and perception of the majority crowd delays the processing of facial expressions in a visual search task and disrupts the performance in WM task.
Experiment 4
We manipulated the set size (4 vs. 6 vs. 8) in a visual search task and investigated whether WM had an effect on processing of distractor faces during search. It is still unclear whether holding emotional information in WM influenced processing during visual search, or pre-or postsearch processing of emotional faces. If WM content has an effect during visual search, the effect will increase with the magnitude of a set size. When conducting linear regressions with RTs as the dependent variable and set size as the This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
independent variable, we can obtain individual estimates of the two parameters, slope and intercept. The slope refers to the search time per each item whereas the intercept refers to processes that occur before the beginning of the search or after the termination of the search. If WM contents influenced processing of distractors during search, the search slope might be steeper when the contents of WM and distractor faces differed than when they were identical.
Results
Reaction time data in the visual search task. We excluded 6 participants because their accuracy rate was less than 50% in, at least, one of the conditions in a visual search task. For targetpresent trials, we conducted a 2 (WM: happy vs. angry) ϫ 2 (Distractor Faces: happy vs. angry) ϫ 3 (Set Sizes: 4, 6, and 8) ANOVA ( Figure 7A) . The ANOVA revealed a significant twoway interaction between WM and Distractor Faces, F(1, 32) ϭ 31.34, p Ͻ .001, p 2 ϭ .50. The other main effects are reported in Table 1 . The interaction revealed that regardless of set sizes, RTs for an angry target with happy distractors were significantly longer when participants remembered an angry face than when they remembered a happy face, F(1, 32) ϭ 28.79, p Ͻ .001, p 2 ϭ .47, whereas RTs for a happy target with angry distractors were significantly longer when participants remembered a happy face than when they remembered an angry face, F(1, 32) ϭ 8.71, p Ͻ .01, p 2 ϭ .21. Moreover, when participants remembered a happy face, they could detect an angry target with happy distractors more rapidly compared to a happy target with angry distractors, F(1, 32) ϭ 93.26, p Ͻ .001, p 2 ϭ .74, whereas such an anger superiority effect disappeared when they remembered an angry face.
For target-absent trials, the results showed a significant two-way interaction between WM and Distractor Faces, F(1, 32) ϭ 67.37, p Ͻ .001, p 2 ϭ .68 ( Figure 7B ). The interaction revealed that regardless of set sizes, RTs for happy faces were significantly longer when participants remembered an angry face than when they remembered a happy face, F(1, 32) ϭ 64.44, p Ͻ .001, p 2 ϭ .67, whereas RTs for angry faces were significantly longer when participants remembered a happy face than when they remembered an angry face, F(1, 32) ϭ 29.40, p Ͻ .001, p 2 ϭ .48. Participants responded to happy faces more rapidly compared to angry faces when they remembered a happy face, F(1, 32) ϭ 82.17, p Ͻ .001, p 2 ϭ .72, whereas RTs for happy and angry faces did not differ when they remembered an angry face.
Slopes and intercepts in the visual search task. We conducted a 2 (WM) ϫ 2 (Distractor Faces) ANOVA for slopes and intercepts for target-present and target-absent trials, respectively (see Table 3 ). For target-present trials, the results showed no significant effects for slopes (Fs Ͻ 2.5, ps Ͼ .10) and intercepts (Fs Ͻ 1.6, ps Ͼ .20). For target-absent trials, the results showed no significant effects for slopes, either (Fs Ͻ 1.0, p Ͼ .30). However, for intercepts, the results showed a significant main effect of Distractor Faces, F(1, 32) ϭ 13.72, p Ͻ .01, p 2 ϭ .30, and the interaction, F(1, 32) ϭ 8.13, p Ͻ .01, p 2 ϭ .20. The interaction revealed that the intercept for angry faces was significantly higher than that for happy faces when they remembered a happy face, F(1, 32) ϭ 21.86, p Ͻ .001, p 2 ϭ .41, whereas the intercepts for angry and happy faces did not differ when they remembered an angry face, F Ͻ 1.0, p Ͼ .90. Moreover, the intercept for angry faces was significantly higher when they remembered a happy face than when they remembered an angry face, F(1, 32) ϭ 5.30, p Ͻ .05, p 2 ϭ .14, whereas the intercept for happy faces was significantly higher when they remembered an angry face than when they remembered a happy face, F(1, 32) ϭ 5.21, p Ͻ .05, p 2 ϭ .14. Accuracy rates in the visual search task. For target-present trials, a three-way ANOVA showed a significant two-way interaction between WM and Distractor Faces, F(1, 32) ϭ 6.85, p Ͻ .05, p 2 ϭ .18 (see Table 2 ). The interaction revealed that accuracy This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
rates for an angry target with happy distractors were significantly higher when participants remembered an angry face than when they remembered a happy face, F(1, 32) ϭ 5.11, p Ͻ .05, p 2 ϭ .14. For target-absent trials also, the ANOVA showed a significant interaction between WM and Distractor Faces, F(1, 32) ϭ 26.73, p Ͻ .001, p 2 ϭ .46. The interaction revealed that accuracy rates for happy faces were significantly higher when participants remembered a happy face than when they remembered an angry face, F(1, 32) ϭ 11.94, p Ͻ .01, p 2 ϭ .27, whereas accuracy rates for angry faces were significantly higher when participants remembered an angry face than when they remembered a happy face, F(1, 32) ϭ 12.52, p Ͻ .01, p 2 ϭ .28. Moreover, participants responded to happy faces more accurately compared to angry faces when they remembered a happy face, F(1, 32) ϭ 18.26, p Ͻ .001, p 2 ϭ .36, whereas the accuracy rates for happy and angry faces did not differ when they remembered an angry face (F Ͻ 1.0, p Ͼ .50).
Accuracy rates in the working memory task. For targetpresent trials, the three-way ANOVA showed the significant interaction between WM and Set Sizes, F(2, 64) ϭ 5.44, p Ͻ .01, p 2 ϭ .15 ( Figure 8A ). The interaction revealed that WM accuracy for angry faces was higher on set-size 4 than set-size 6 and 8. On set-size 6 and 8, WM accuracy was higher for happy than angry faces.
For target-absent conditions, the results showed a significant interaction between WM and Distractor Faces, F(1, 32) 
Discussion
The anger superiority effect was observed and the effect was diminished when participants remembered an angry face as compared with a happy face in all set sizes. Surprisingly, the search slopes did not differ regardless of WM and distractor faces for both This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
target-present and -absent trials. WM had an effect on the intercepts under target-absent conditions. The intercepts were higher when the contents of WM and distractor faces differed than when they were identical. These results suggested that before searching or after the termination of the search, holding emotional information in WM had an effect on visual search for emotional facial expressions. The suggestion that WM has an effect on postsearch processing is not inconsistent with the results in Robinson et al. (2008) . Robinson and colleagues showed that perceptual judgment of the faces was delayed whenever the contents of WM were incongruent with each face. Because they showed just one face serially while holding a face or object in WM, their results could not predict results when several stimuli were presented at once. The present results are in line with the idea that distractor faces whose expressions are incongruent with the emotional content of WM might not interfere with the perception of each distractor but with a decision process after the termination of search, thus delaying RTs.
On the other hand, it is also possible that WM has an effect on processing before search. This also makes sense if the emotional perception of the majority crowd plays an important role in visual search for emotional expressions. Previous studies have shown that when observing several facial expressions, people tend to perceive the gist of the scene, or the averaged emotional values of the faces called ensemble coding (Haberman & Whitney, 2007 , 2009 Yang, Yoon, Chong, & Oh, 2013) . For example, when several happy and sad facial expressions are presented, people could not remember each facial expression exactly because of limited memory capacity. Instead they tend to remember an averaged facial expression of these faces. If the number of negative faces is more than that of positive faces, people tend to remember a negative facial expression, which is the summary statistical representation of the faces. This averaged perception might be used to rapidly access memory representations of the scene (Henderson & Hollingworth, 1999) . In the present study, participants might have perceived the averaged emotional values of the facial expressions. That is, the emotional value of the majority crowd. When the averaged emotional value differs from holding information in WM, conflict may occur between WM and perception of the majority crowd, which delays the processing of facial expressions. This conflict might occur before searching because the ensemble coding derives from a set of stimuli and it might not occur when directing attention to each stimulus. Therefore, the search slopes for facial expressions were not influenced by WM.
In the target-present trials, we could not find the WM effects on the intercepts. Emotional values of the majority crowd were clearer in the target-absent trials than in the target-present trials. For example, if a set size is 2, the emotional value of the majority crowd is not determined in target-present trials. Therefore, the effects of the intercepts may not be clear in the target-present trials.
General Discussion
The rapid detection of an angry face is called the anger superiority effect. It is still unclear whether top-down mechanisms, especially WM, influence the anger superiority effect. In a visual search task, a search template has to be maintained in WM and activated stimuli in WM have a high chance of becoming the focus of attention (Desimone & Duncan, 1995; Wolfe, 1994) . However, few studies investigated how holding emotional information in WM has an effect on visual attention to emotional facial expressions, especially on the anger superiority effect. The present study revealed that holding emotional information in WM did not facilitate detection of emotion-congruent target faces. Rather, holding emotional information in WM delayed the search for emotioncongruent targets with emotion-incongruent distractors, probably due to cognitive conflict between the content of WM and distractor faces. That is, participants might need to protect the contents of WM from being overwritten by new inputs of emotionincongruent distractor faces. Moreover, the WM effect on visual search influenced the processing not during search but before or after search. When distractor faces were happy, holding angry faces in WM would induce a conflict with the perception of distractor faces, or the majority crowd, before searching or it would interfere with the decision after the terminate of search, leading to a delayed detection of an angry target with happy distractor faces, as we observed. Consequently, holding angry words or faces in WM diminished the anger superiority effect. On the other hand, holding positive information in WM enhanced the anger superiority effect, possibly because conflict did not occur between WM and perception of the majority crowd, which includes happy distractors. The conflicts between WM and perception also impaired WM performance. The conflict might dilute the representation of WM.
Experiment 1, 2, and 4 showed the anger superiority effect with rapid detection of an angry target surrounded with happy distractor faces compared to a happy target with angry distractor faces. This result attests to the validity of the current paradigm. However, this does not indicate that angry faces automatically attract attention. Namely in target-absent conditions, the present experiments showed that angry faces delayed performance. This might be because people have difficulty disengaging their attention from angry facial distractors compared with happy facial distractors (Belopolsky, Devue, & Theeuwes, 2011; Koster, Crombez, Verschuere, & De Houwer, 2004) . Results of our studies suggest that the anger superiority effect is observed because of impaired attentional disengagement from angry distractors rather than automatic attention to an angry target.
The present results are inconsistent with previous studies, which showed efficient visual search for stimuli matching the content of WM. Former studies showed that in a visual search task, participants could rapidly direct attention to targets when information about the target was held in WM (Castelhano & Heaven, 2010; Hodsoll et al., 2006; Schmidt & Zelinsky, 2009 ). These results suggest that the search template in WM is tuned more effectively for targets and activates the representations of them, which guides attention to the target. Since stimuli held in WM act as targets in a visual search task in these studies, WM helps participants to set a precise target template. However, in our experiments, emotional information held in WM was not necessarily identical to a target in the visual search task. Therefore, the effects of WM on attention in the present experiments might be small. Yet, we assume that physically identical information in WM is not always essential for efficient visual search because Grecucci et al. (2010) showed that even when the emotional word held in WM matched the target facial expression, the response in the visual cortex was much larger than the response to a target face that did not match the contents of WM. In their task, representations in WM were not physically This document is copyrighted by the American Psychological Association or one of its allied publishers.
identical to the target in the visual search task. However, the effects of WM on attention in the present experiments might be smaller compared with previous studies as representations in WM were not precise. Importantly, the search task used in the present experiments did not include a search task with a top-down WM component for a target, which is different from previous studies. The task for participants was not to find a stimulus held in WM but to detect whether all the faces showed the same expression. Participants could not set a search template for a specific facial target. This could be the reason that WM did not have a beneficial effect. In Hahn and Gronlund (2007) , participants were required to search for a specific emotional face (e.g., an angry face) and they needed to set a search template. In such tasks, the effects of WM on attention might be stronger. The same content of WM as search template might enhance the efficient visual search whereas different contents of WM might inhibit the search. Further research should manipulate the instruction of the visual search task and investigate this point.
Previous studies have also shown an efficient visual search even for nontarget task-irrelevant stimuli which matched the contents with WM (Dalvit & Eimer, 2011; Downing, 2000; Han & Kim, 2009; Olivers, 2009; Olivers et al., 2006 Olivers et al., , 2011 Pan & Soto, 2010; Soto et al., 2005 Soto et al., , 2008 Soto et al., , 2006 . Based on the results of these former studies, it has been proposed that even when the stimulus held in WM is not a target in a visual search task (as is the case in the current study), it will receive the status of search template for the upcoming task under some conditions (Olivers et al., 2011) . When the target representation is weak and the accessory memory item, which is held in WM but task irrelevant, is strong, the accessory memory item attracts attention. For example, when a target in a visual search task is always the same, participants do not need to strongly keep a target in the search template. Therefore, the target representation becomes weak and attention is attracted by stimuli matching the contents of WM (Olivers, 2009) . In the present study, the target perceptually changed on each trial and the target representation remained strong. In addition, facial expressions used for WM and visual search tasks in the present study were not perceptually identical. Emotional information held in WM might be less precise and too weak to be set as search template, which prevents participants from detecting the target rapidly.
In the present study, the effects of WM on the anger superiority effect were clearly observed with happy distractors as compared to angry distractors. We assume that this is because an angry crowd might be more heterogeneous than a happy crowd as Öhman et al. (2001) and Savage, Lipp, Craig, Becker, and Horstmann (2013) mentioned. Happy expressions are homogenous across individuals (i.e., up-turned mouth) whereas angry expressions are more heterogeneous across individuals (i.e., some individuals tilting their head forward, tensing lips, pushing down the middle of their eyebrows and pulling up side ones, others jutting their chin out, pulling down lip corners and pulling up upper lips, lowering eyebrows). Averaged perception of a happy majority crowd might be easier than that of an angry majority crowd. The conflict between WM and emotional perception of the happy majority crowd might clearly be larger as compared to the angry majority crowd, leading to a clear effect of WM on the anger superiority effect when distractors were happy faces. Therefore, the effects of MW on the anger superiority effect were clearly observed with happy distractors compared to angry distractors.
The present study showed that visual search also had an effect on WM performance. Previous studies have shown that the presence of emotional stimuli, especially negative stimuli, interfered with WM performance (Dolcos & McCarthy, 2006) . The present results add to these studies showing that WM performance for facial expressions is influenced by emotional valence of stimuli present during a visual search task. WM was impaired when valence held in WM was different from the valence of distractor faces, or majority crowd, in the visual search task while WM was enhanced when valence held in WM was the same as the valence of distractors. This suggests that conflict between WM and perception of majority crowd also impairs memory.
There are some limitations in the present study. First, a limitation of our experiments is that we compared processing of angry and happy words and faces as WM stimuli. Happy and angry information do not only differ in terms of emotional categories, but they may also vary in valence or intensity. We could not show which aspects of emotional WM have an effect on the anger superiority effect. Second, the effects of arousal in facial expressions on the present experiments are not clear. It has been shown that arousal has effects on attentional allocation. Vogt, De Houwer, Koster, Van Damme, and Crombez (2008) showed that high arousal pictures attracted attention independent of the valence. In a visual search task for facial expressions, high arousal is important for efficient detection of emotional facial expressions (Sato & Yoshikawa, 2010) . Third, the present results might still be influenced by verbal WM. We investigated the different effects of verbal and visual representations in WM by using words or faces. However, it is possible that participants remembered the facial expressions through their verbal label. To exclude the possibility of the effects of verbal WM, a new task should be used, for example, remembering an identity of facial expressions, or an articulatory suppression task should be used to prevent verbal recording (Baddeley, 2003) . Fourth, it is still unclear whether the present effects of WM on visual search for facial expressions are observed only with faces or other complex stimuli, such as natural scenes. Finally, gender ratio was unbalanced in the present experiments. In every experiment, most participants were female. It is already known that detection of facial expressions in a visual search task is influenced by participants' sex (Williams & Mattingley, 2006) . Williams and Mattingley (2006) showed that males detect angry faces faster than females, whereas females detect nonthreatening facial expressions faster than males. It is still unclear how gender has an effect on the interaction between WM and attention.
In sum, our studies showed that holding emotional information in WM influences pre-or postsearch processing of emotional faces in a visual search task with facial expressions. Holding emotional information in WM did not guide attention to the face, whose expression matched the contents of WM. When expressions of distractor faces or emotional value of the majority crowd were different from WM contents, processing of facial expressions was delayed. These results suggest that when emotional perception of the majority crowd was different from what participants kept in WM, cognitive conflict occurred between perception and WM before or after searching. This interfered with visual search and delayed the processing of the majority crowd. The conflicts also This document is copyrighted by the American Psychological Association or one of its allied publishers.
interfered with WM performance and WM accuracy. Under these conditions, the anger superiority effect was diminished when angry information was held in WM.
